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d-Usnic acid was observed to be immunologically active in allergic contact dermatitis
caused by exposure to lichenized fungi; 1-usnic acid was inactive. d-Isousnic and 1-dihydro-
usnic acids were weakly active. Lichen chemicals possessing closely related molecular struc-
tures were inactive. Three depsides were active; some other depsides and depsidones were
inactive. It was concluded that the 'whole' molecule of usnic acid was required for immuno-
logic activity.
In 1966, observations were reported on the
stereoisomeric specificity of usnic acid in delayed
hypersensitivity (1). Three forest-workers who
had allergic contact dermatitis caused by ex-
posure to lichenized fungi were found to show
positive patch test responses following applica-
tion of d-usnic acid to the skin; tests using
1-usnic acid were negative.
The present report amplifies the previous find-
ings in an additional three individuals and also
describes the results of patch tests using a struc-
tural isomer, substituted types and a degradation
product of usnic acid and a related dibenzofuran.
Evidence will be presented that the "whole
molecule" of the phloroglucinol derivative,
d-usnie acid, was required for the development
of allergic contact dermatitis in these patients
and that èhemicals possessing a closely related
molecular structure were either immunologically
weakly active or inactive.
In three cases, positive patch test responses
were observed following application to the skin
of depsides, also derived from lichenized fungi.
48 hour closed patch tests were carried out on
the skin of the upper back using Medipatch
Large No. 714:
Specificity of d-Usnic Acid
Seven forest-workers who showed contact
dermatitis affecting the exposed skin surfaces
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were investigated. The clinical features of the
dermatitis, which occurred only during work in
forest-areas, have been described elsewhere (2,
3). In six cases, patch test responses following
application of racemie usnic acid (1% in white
petroleum jelly U.S.P.) and d-usnic acid (0.1%)
were positive; responses to 1-usnic acid (5%)
were negative (Table I).
The stereoisomeric specificity of usnic acid
depends on the presence of an angular (asyrn-
metrical) methyl group at position 4a (Fig. 1.1).
Further investigation was carried out in four
eases with the following results. Negative patch
test responses were observed following applica-
tion to the skin of d-diacetylusnic acid (Fig. 1.3),
d-diacetyldihydrousnic acid (Fig. 1.5), decarbo-
usnic acid (Fig. 1.6), didymic acid (Fig. 1.8) and
the phioroglucinol derivative, lichexanthone
(Fig. 1.7) (Table II).
Patch test responses following application of
d-isousnic acid (Fig. 1.2) and 1-dihydrousnic acid
(Fig. 1.4) to the skin are listed in Table III. In
three of four cases application of d-isousnic acid
produced negative results; in one ease (Case 7)
dermatitis was induced but was less severe, more
delayed and of lesser duration than that follow-
ing application of d-usnic acid in concentration
approximately 1Ao less than that used for
d-isousnic acid. In three of four eases applica-
tion of l-dihydrousnic acid (Fig. 1.4) produced
positive results but, again, the induced derma-
titis was less severe than that produced by d-us-
nic acid in a weaker concentration. In one case
(Case 1) application of 1-dihydrousnic acid pro-
duced negative results.
Specificity of Depsides
Depsides, derived from lichenized fungi, were
immunologically active in three of seven cases
tested (Table IV). Case 4 responded to atrano-
rin (Fig. 2.9) in addition to d-usnie acid. Case 6
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Patch test substance
Patch test responses
Concen- Case
tration
I 2 34 5 6 7
1 + + + + + — +Racemic usnic acid
(Fig. 1.1)
d-Usnicacid 0.1 + + ++ +— +
1-Tjsnicacid 5.0
1. Tjsnic acid COCIL
H3('ikji__-4)COCII,
2. Isousnic acid
3. Diacetylusnic acid OCH,
CHCOOOH
CH,COO
4. Dihydrousnic acid COCH3
HO ..—
HC
OH HC
)—COCH,
5. Diacetyldihydrousisie COCH
acid I o'
CH,COO— OH
H,C-L. cocir,HC h
CHCOO 0
6. Decarbousnic acid COd,
HO0 -—CH,COCH,COCH,Rd
OH
7. Lichexajithone CH, 0 OH
CH,Q0CH,
8. Didymic acid ()
CH()..J [1 —OH
COOH
C,H, C,H,
responded to atranorin, evernic acid (Fig. 2.2)
and perlatolic acid (Fig. 2.5) but not to usnic
acid; responses to perlatolic acid were weak and,
on some occasions, absent. Case 7 responded to
atranorin, evernic acid and to divaricatic acid
(Fig. 2.3) in addition to d-usnic acid. The follow-
ing depsides were inactive :—orcinol derivai;ives,
lecanoric acid (Fig. 2.1), sphaerophorin (Fig.
2.4), sekikaic acid (Fig. 2.6), gyrophoric acid
TABLE II
Patch test substance
Patch test
Concen- responses
tration C,,se
% 1347
3 — — — —
3 — — — —
3 — — — —
3 — — —
3 — —
d-Diacetylusnic acid (Fig. 1.3)
d-Diacetyldihydrousnic acid
(Fig. 1.5)
Decarbousnic acid (Fig. 1.6)
Didymic acid (Fig. 1.8)
Lichexanthone (Fig. 1.7)
Vehicle, white petroleum jelly U.S.P.
TABLE III
Patch test substance
Concen-
tration
%
Patch test
responses
Case
--..—-
1347
d-Isousnic acid (Fig. 1.2)
1-Dihydrousnic acid (Fig. 1.4)
3
3
— — — +
— + + +
Vehicle, white petroleum jelly U.S.P.
TABLE IV
Patch test
rexponses
Case
467
1 +H-+
1 +++
1,3 +_
1
---+
1.0 +-- +
0.1 +-- +
5.0 —-- —
Vehicle, white petroleum jelly U.S.P.
* Occasionally negative at 1% concentraton.
Patch test substance
Evernic acid (Fig. 2.2)
Atranorin (Fig. 2.9)
Perlatolic acid (Fig. 2.5)
Divaricatic acid (Fig. 2.3)
IJsnic acid, racemic
d-Ijsnic acid
l-lJsnic acid
Concen-
tration
TABLE I
Vehicle, white petroleum jelly TJ.S.P.
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(Fig. 2.7); beta-orcinol derivatives, diffractaic
acid (Fig. 2.8) and squamatic acid (Fig. 2.10).
Depsiclones may be biogenetically derived
from depsides, viz.;
— — Co—U —
OHH 0
Depside Depsidone
The following depsidones were immunologi-
cally inactive: the orcinol derivatives, alectoronic
acid and lobaric acid; the beta-orcinol deriva-
tives, salazinie, stictic, protocetraric, fumarpro-
tocetraric, hypoprotocetraric, physodalic and
psoromic acids. The formulae of these depsidones
are available elsewhere (5).
The following additional lichen chemicals were
immunologically inactive: tetronic acid deriva-
tive, vulpinic acid; triterpenoid, zeorin; higher
fatty acid, protolichesterinic acid; and quinone,
parietin.
The patch test reactions were of the so-called
"dermal type" such as are observed in neomycin
sensitivity. The dermatitis which was observed
at the sites of challenge was indurated but not
vesicular. Reactions persisted up to three weeks
in sensitized individuals. An exception was noted,
however, in the case of atranorin which occa-
sionally produced an exudative reaction. No
primary irritation was observed in ten or more
clinically normal individuals following applica-
tion of these chemicals in the concentrations
used here. d-Usnic acid was tested in concentra-
tions up to 50% in white petroleum jelly U.S.P.,
also without any evidence of primary irritation.
The chemistry of lichen substances has been
described elsewhere (4—6).
DISCUSSION
In six cases, d-usnic acid was immunologically
active but 1-usnic acid was inactive. In 3 of 4
cases tested, d-isousnic acid, a structural isomer
of d-usnic acid, was inactive; in the fourth case,
responses to d-isousnic acid were weaker than
responses to d-usnic acid used in a concentration
Vso less than that used for d-isousnic acid. It
appears that immunologic activity depends on
the presence of COCH, at position 8 and CH, at
position 6 as in d-usnic acid and not vice versa
as in d-isousnic acid.
d-Diacetylusnic acid was inactive. It appears
that immunologic activity depends on the pres-
Depsidea
Orcinol derivatives
1. Lecanoric acid Cl-I3
HOOHCOOH
2. Evernic acid CH,
H,CO-OHCOOH
3. Divaricatic acid C,H,
H,COOHOoH
4. Sphaerophorin CH,
H,CO_O_OHCOOH
5. Perlatolic acid ,H
H,C0OHCOOH
6. Sekikaic acid C,H, H
Co-0COOH
H,CO_L)LOH /LJLCaH,
H,C07. Gyrophoric acid
CH, H,
HO-OHCo-OOH
Beta-orcinol derivatives
8. Diffractaic acid OH, H,
H,CO_LJLOCH,
JLCOQH
H OH,
9. At.ranorin H3 Cli,
H00HCOOCH3
CHO CH,
10. Squarnatic acid OH, Cli,
H,CO-_1.J_OH
LCoOH
000H H,
FIGURE 2
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ence of OH groups at positions 5 and 7 as in
d-usnie acid; replacement of the OH gronps by
CH,COO groups reuders d-diaeetylusnie acid in-
active.
d-Diacetyldihydrousnie acid was inactive. In
this instance, also, OH groups are replaced by
CH,COO groups at positions 5 and 7. There is,
also, absence of a double bond between positions
1 and la as in 1-dihydrousnic acid which pro-
duced weak responses in three eases and nega-
tive response in one case.
Decarbousnic acid was inactive. In this degra-
dation product of usnio acid, ring C is split
and the CH, group at position 4a is no longer
asymmetrioal. Didymic acid was inactive. This
related dibenzofuran differs from usnio acid in
the types of side-groups and in the absence of
a CII, group at position 4a.
It is postulated that the "whole" molecule of
d-usnic acid is necessary for immunologic ac-
tivity. A parallel but unrelated situation exists
in the case of the antibiotic activity of usnic
acid. Such activity requires the presence of the
whole molecule (7).
In contrast, antibiotic activity is not stereo-
isomerically specific since both d- and 1-forms of
usnic acid possess antibiotic properties. Anti-
biotic activity of isousnic acid has not been in-
vestigated.
Study of the molecular structure of the dep-
side group has not provided us with a general
"rule" to explain the immunologic specificity
occurring among these closely related chemical
substances. It is possible that co-incident sensi-
tization to two or more depsides (multiple spe-
cific sensitivity) occurred in these patients.
Samples of lichen substances were donated by
Dr. Chicita F. Culberson, Department of Botany,
Duke University, Durham, North Carolina. Dr.
Frances A. Homer, Dr. W. D. Stewart aid Dr.
W. S. Wood referred patients for investigation.
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